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Abstract
ElectricCOW is a network, animal behaviour and agent
simulator designed to allow detailed simulation of an
ad-hoc model network built from small mote-like de-
vices called flecks. Detailed radio communications, cattle
behaviour and sensor and actuator network modelling al-
lows a closed-loop environment, where the network can
influence the behaviour of its mobile platforms.
1. Introduction
ElectricCOW is a simulator designed to allow exper-
iments on networks of mote-like devices called flecks
mounted on herds of cattle.
The aim of ElectricCOW is to provide a complete model
of the interactions between cattle, land usage, flecks, robot
agents, such as robot mustering helicopters[4], and vir-
tual fencing technologies[3].1 Such a simulation will al-
low the interactions between mobile software agents and
their bovine hosts to be modelled, allowing simulation in
a mobile environment where the network nodes can influ-
ence the behaviour of their platforms. Mobile networks have
been simulated in detail[1] and sensor networks mounted on
herds of animals have been simulated for ZebraNet[6]. The
key difference between the previous simulations and Elec-
tricCOW is that ElectricCOW is designed to allow network
nodes to influence animal behaviour.
2. Modelling
The current simulator is written in Java and incorporates
a topographical model, a detailed model of a herd of cat-
tle, devices running customised virtual machines and a ra-
dio communications model. The architecture is highly plug-
1 Virtual fencing: influencing an animal’s behaviour so that certain ar-
eas become preferred and certain areas become off-limits, similar in
effect to traditional wire fencing.
gable, allowing new models, such as animal behaviours or
radio propagation models, to be linked into a simulation
scenario via an XML configuration. In most cases, param-
eters can be used to customise the behaviour of a specific
model instance.
A three-dimensional topographic model is used, with ter-
rain models describing the features of a rural environment:
grasslands, woodland, bodies of water, paths and fences.
The topographic model is used by the animal models and
radio propagation models.
2.1. Animal Model
Rather than trying to impose a global herd model, ani-
mals are simulated individually, with the herd arising from
individual behaviours. Simulating each animal individually
allows the effects of actuators, such as sounds, and robot
agents, such as herding helicopters, to be accurately mod-
elled. A detailed model of cattle behaviour is used[2, 5].
Each animal is given an internal state and a behavioural
model. Cattle are modelled with a gathered food level, rumi-
nated food level and hydration level. Behaviour cycles be-
tween grazing, rumination, drinking and resting. A flock-
ing model, using concepts of collision avoidance, veloc-
ity matching and flock centring is used[10] with variations
based on behaviour cycles.
All cattle have a status within the herd, with lower sta-
tus animals yielding to higher status animals. As a conse-
quence, the movement and preferences of the higher status
animals tend to govern the behaviour of the entire herd. An-
other consequence of status is that certain animals tend to
gravitate towards the centre or edges of the herd, something
that influences the design of routing algorithms (see Sec-
tion 3).
Animals have a field of vision and react to what they can
see, based on their orientation and intervening topography.
Cattle without a visible herd will attempt to rejoin a herd,
although low-status cattle at the front of a moving herd will
be forced, by status considerations, to remain at the leading
edge of the herd.
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Robot agents, such as helicopters, are modelled using the
general animal framework, simply using different internal
state and behavioural models. Cattle regard agents such as
helicopters as threats. Human handlers move cattle by in-
teracting with an animal’s flight zone and centre of grav-
ity[5]. By programming threat agents to move around and
into an animal’s flight zone, the animal can be manipulated
in the same manner, with the herding instinct allowing the
robot agent to manipulate the herd through individual cat-
tle.2
2.2. Device Model
Devices are modelled as a hardware platform support-
ing a generated tiny virtual machine[9]. The virtual ma-
chines are bytecode interpreters which replicate the virtual
machines embedded in an actual fleck device. Each device
has access to a radio communications link (described be-
low), a medium access control (MAC) protocol and a rout-
ing algorithm. A device has an energy budget that is de-
pleted by communication.
Communication between devices is by radio broadcast.
Messages are broadcast with a specific signal strength. The
signal is then attenuated by obstacles and terrain. The signal
model avoids most of the questionable axioms of wireless
network simulation[7], although signal strength tends to be
a monotonic function of distance. The devices have a ra-
dio sensitivity to both accurately delivered messages and to
interference below the level of a successful delivery. Over-
lapping messages or interference will cause the message to
be garbled.
3. Further Work
ElectricCOW is intended to act as a test-bed for the appli-
cations of multiple robot, sensor and animal interactions. A
key feature is the ability of each element of the simulation
to influence the behaviour of each other element, either di-
rectly via messages or virtual fencing or indirectly via com-
munication with herding agents
The experiments with virtual fencing discussed in [3]
suggest that simple stimuli are only partially effective. Ef-
fective virtual fencing will involve a number of subtle and
overlapping stimuli, something that ElectricCOW will need
to accurately model. ElectricCOW allows a helicopter agent
to interact directly with the devices mounted on the animals
and indirectly via threat behaviours. Since helicopter agents
can also be programmed with a behavioural model, Elec-
tricCOW provides a test-bed for trying out and optimising
helicopter-as-herder algorithms.
2 Other ways of influencing animal behaviour, such as noise or electric
shocks could also be simulated[3].
The immediate use for ElectricCOW is to provide a plat-
form for testing mobile ad-hoc routing algorithms that are
sensitive to the sort of formations that naturally appear in
herds. The presence of dominant animals at key positions
of the herd structure, particularly towards the centre of the
herd, at a natural hub position, will have a strong influence
on patterns of energy use and mobile single-hop persistence.
To make use of the structure of a herd, or sub-herd, a
“hill” publish-subscribe routing model has been designed;
messages are delivered “up the hill” to a hub at the cen-
tre of the herd and then re-broadcast “down the hill” to
subscribers. ElectricCOW has been used to model this al-
gorithm, allowing experiments in optimising total through-
put before a device’s energy budget is depleted[8].
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